COMMENTS
Comment on a critique of the instantaneous normal mode "INM… approach to diffusion †J. Chem. Phys. 107, 4618 "1997… ‡ Fig. 3͒ than for NaCl which does have DW. A subset of the DW, ''zero force'' ͑ZF, force along a mode less than a cutoff value͒ modes accurately gave 9 D in a normal LJ liquid. GRB show that all the crystal ZF and most ZF in the coldest supercooled liquid are ''false-barriers'' ͑FB͒; quenches from both minima in U(q) drain to the same local minimum of the N-body potential. Thus, GRB argue that D cannot be reliably calculated from ZF modes nor from any other proposed diffusive modes. We disagree: ͑1͒ GRB consider LJ only. While they acknowledge that ''...the situation may be more complex for molecular liquids,'' we assert that the situation is clearly more favorable to INM in molecular liquids. Consider 10 LJ at ϭ0.85, and CS 2 and water at Pϭ1 atm; the double-well/shoulder ratio f dw / f sh at the freezing point has the values 3.8, 1.1, and 0.45.
Reference 6 for LJ, ϭ1.00 shows f Im ϳf DW at T g with neither vanishing; subtracting the small number of SH as ND has a negligible effect. In sharp contrast 11 water has f Im ϳf sh , and f DW ϭ f Im Ϫf sh ϳ0 at the kinetic glass transition, 10 T c , while f Im is substantial; subtracting the SH leads to a quantity which mirrors the diffusion constant. LJ with short ranged, radial interactions has 10 a large fraction of Im-, DW, and ND DW modes while network-forming water has a low fractions of all three; CS 2 is intermediate.
We suggested 12 that coupling to rotation was causing spurious translational ND in CS 2 and calculated ''pure translation'' ͑TR͒ INM from the Hessian of derivatives with respect to center-of-mass coordinates. Figures 1 and 2 show that the TR Im-densities of states ͑DOS͒ vanish at T g ϳ100 K and also in the ␣-fcc crystal; f Im TR (T) mirrors ͑Fig. ing of INM in crystals will be instructive, particularly of the relation to the stability of phonons in simulation models, but our focus is liquids. ͑2͒ While ND are plentiful in LJ, that is insufficient cause to reject INM theory of D. GRB's attitude is that INM are unusable if they are tainted with any ND modes. However, all we require is that ND do not dominate D(T). If the Tdependence of the ND is weak or similar to that of the diffusive modes, there is also little difficulty.
At ϭ1.00, Tϭ1.0 GRB ͑Fig. 7͒ shows that the ZF DOS is considerably greater than the FB ZF ͑nondiffusive͒ DOS; diffusive modes probably dominate for TϾ1.0, so the success of INM theories is no puzzle. As T falls from 1.0 to 0.89, the fraction of FB rises, but must fall again as T→0. The number of FB ZF is the ZF number, decreasing with increasing T, times the fraction. This is roughly consistent with a weakly T-dependent set of FB at low T. The Tdependence of FB is also seen in the low-T plateau in the prefactor a(T), GRB, Fig. 3 , which they ascribe to FB dominance. Conversely, we would say that as T is increased above the plateau region (TϾ0.75) FB become unimportant. Atomic systems are the worst case for INM but, even so, the current theories of D remain useful. ͑3͒ The functional form of the simulated Im-DOS in LJ liquid, ϭ1.00, is 13 ϳ exp(Ϫ 2 /T) at Tϳ10 and ϳ exp(Ϫ 4 /T 2 ) at TϳT g with crossover occurring at T ϳ3, leading 13 to a crossover of D(T) from exp(ϪE/T) ͑Arrhenius͒ to exp(ϪE 2 /T 2 ) in agreement with many experiments 14 and which has been related 13, 15, 16 to the potential energy ''landscape.'' RM find that the dos for ions with freer motion exhibits the high-T form and vice versa. We have analytically reproduced 15 this behavior, and found the cutoff c for DW, by treating the INM as local excitations in the soft potential model. 15 Fits to the limiting high-T and T ϳT g analytical forms 16 yield the crossover T with nothing adjustable, and we obtain Tϳ2.8 in good agreement with simulation. The theory 15, 16 invokes barrier crossing in an ensemble of one-dimensional U(q). The straightforward conclusion is that the Im-dos is understandable in terms of one-dimensional barrier crossing.
GRB write ''We give evidence of the lack of validity of many of the key assumptions of the INM theory.'' The theory stands on its own, and we have not seen such evidence from GRB. Their Figs. 7 and 3 help explain why, for TϾ(0.75-1.0), FB are not fatal in LJ. GRB Fig. 1 The Journal of Chemical Physics is copyrighted by the American Institute of Physics (AIP). Redistribution of journal material is subject to the AIP online journal license and/or AIP copyright. For more information, see http://ojps.aip.org/jcpo/jcpcr/jsp
